Abstract
Introduction

34
Human land use and habitat conversion are a central topic in conservation biology 35 because they are largely responsible for the current and alarming biodiversity extinction rate 36 (Foley et al., 2005) . The conversion of native vegetation into anthropogenic cover alters 37 landscapes, fragmenting habitats while simultaneously reducing their extent (Fahrig, 2003) .
38
Thus, habitat loss and fragmentation are simultaneous processes arising from human-induced 39 landscape changes (Andrén, 1994; Fahrig, 2003) . Nevertheless, habitat loss and fragmentation 40 can be considered different processes, since habitat loss infers a decrease in available habitat 41 while fragmentation refers to habitat subdivision into smaller patches (Andrén, 1994; Fahrig, 42 2003). Despite inherent difficulties, it is critical to understand the differing effects of each Therefore, to generate a broad picture of the consequences of habitat loss and fragmentation, 46 studies should understand the synergistic effects of both process, as well as their isolated 47 effects.
48
Landscape metrics provide an excellent tool to enable the study of synergistic and 49 isolated effects of habitat loss and fragmentation (McGarigal & Cushman, 2002) . Currently, 50 hundreds of metrics have been described and these are frequently used to capture landscape 51 patterns resulting from complex interactions between habitat loss and fragmentation in real 52 landscapes (McGarigal & Marks, 1994) . However, they are also able to represent simple 53 patterns. Habitat area reductions in time or space are a measure of habitat loss (Fahrig, 2003) , 54 and the total habitat or proportion of habitat in a landscape can represent this process.
55
Similarly, the number of patches and their relative size are metrics commonly used to quantify 56 fragmentation (Fahrig, 2003) . Thus, total habitat area and the number of patches are a good 57 representation of the isolated effects of these processes.
58
Even with the development of landscape metrics, it is difficult make general 59 predictions about the effects of habitat conversion because it may be perceived different by 60 species (Lindenmayer & Fischer, 2007) , so a species-specific approach is essential to measure 61 the effects of habitat loss and fragmentation. Population viability analysis (PVA) has become 62 a useful tool because it facilitates the evaluation of individual species' responses to a variety 63 of environmental threat scenarios, generating an estimate of persistence probability (Brook et 64 al., 2002) . Therefore, the combination of PVA and landscape metrics should be an efficient 65 approach to investigate individual species' responses to landscape patterns.
66
The goal of our study was to investigate the synergistic and isolated effects of habitat 
74
To achieve our objectives, we first investigated the synergistic effect of habitat loss 75 and fragmentation. The present-day habitat configuration can be considered as a pattern 76 generated by the effects of both processes because it is a result of past habitat loss and 77 fragmentation (Villard & Metzger, 2013 (Lacy, 2000) . We chose VORTEX due to its spatially-146 implicit approach, which was necessary for our study because the literature concerning the 147 jaguar lacks information about dispersal rates and mortality in different landcover types and 148 areas.
149
Most of the life history data were obtained from the 'Brazilian Action Plan for 150 Jaguars' because it compiles the most up-to-date biological data on the species (de Paula et 151 al., 2010) ( Table 1) . These data represent an actual, but non-specified, jaguar population (de distribution. We used the same life history data to all populations modeled in our study, thus 154 the differences among populations regarded landscapes proprieties where they are located.
155
Due to the spatially-implicit approach, the total habitat area and the number of patches were 156 integrated into the PVA indirectly; the number of patches was used as a surrogate for the size. The total area of the patches multiplied by the jaguar density determined initial 159 population size.
160
We assumed that carrying capacity was equal to the initial population size, which 161 was a conservative approach because there is no information about the temporal change in 162 carrying capacities of these studies areas. There is also no information about jaguar dispersal 163 rates or mortality in the different landcover types. Therefore, we chose a generalized 164 approach, whereby the movement of migrants between fragments was considered symmetric, can be an adult or another subadult) can compete for another site in the metapopulation.
172
Therefore, the number of subadults defined the proportion of dispersers, but the dispersers 173 could be any jaguar in the population.
174
Of the estimated life-history parameters for jaguars, the percentage of males in the 175 breeding pool and mortality were those having the greatest degree of uncertainty. The 
201
The real landscapes studied could be spatially structured throughout the jaguars' 
236
The sensitivity of our base population viability model was investigated using a 
Results
252
The studies areas had a large proportion of suitable habitat (Average PLand = 253 77.7%), which could be divided from one to five patches larger than 100 km 2 
262
Two out of the 64 competitive models were considered the best (i.e. AICc < 2) in 263 explaining the persistence probability of jaguars in the landscapes, the null model not being 264 amongst them (Table 3 and Supplementary Material B). The principal component condensing 265 the landscape configuration appeared in both models (Table 3) , evidencing the homogenous 266 effect of landscape configuration, which could be observed due to the low variance in the 267 coefficient value and the low standard error of the competitive models (Figure 1 ). Spatial 268 filters three and five also appeared in the best models, but had large standard errors associated 269 with them, obscuring their importance in predicting persistence probability (Table 3) .
270
Therefore, we considered only the principal component summarizing landscape configuration
271
as an efficient predictor of jaguar persistence probability.
272
The habitat loss critical thresholds varied widely among jaguar populations, attaining 
295
(Supplementary Material A).
296
The real landscapes evaluated were able to support a jaguar population only in two Supplementary Material A). These landscapes frequently had a total area that was larger than 302 the habitat loss critical threshold, but the area was divided into a number of patches that were 303 also larger than the fragmentation critical threshold, which resulted in nonviable populations.
304
Therefore, the main threat to the long-term persistence of the jaguar populations studied 305 seemed to be habitat fragmentation.
306
The sensitivity analysis showed that 82% of the predictors' variance could be 307 explained by random forest. The regression tree was composed of six nodes, all defined by 308 female mortality ( Figure 5) . Therefore, the PVA model was sensitive to poorly-estimated 309 parameters, especially adult female mortality (Figure 6 ). The final node showed the 310 populations with higher persistence probability, which were those with a female mortality rate 311 lower than 20% from birth to sexual maturity (i.e. three years of age) ( Figure 5 ). Thus, low 312 mortality in female jaguars may be seen as a surrogate of population persistence probability. However, although we have shown that a high proportion of habitat could guarantee long-320 term jaguar persistence, we have also shown that habitat subdivision dramatically reduces 321 their persistence probability, even in landscapes with a large proportion of suitable habitat and 322 a high jaguar density. Therefore, we can confirm that fragmentation is more detrimental than 323 habitat loss to jaguar populations.
324
The correlation among metrics of the real landscapes is a product of the large amount 325 of suitable jaguar habitat. Landscapes comprising an amount of suitable habitat greater than 326 65% are structurally connected and display low structural complexity (Bascompte & Solé, 327 1996; With, 1997) , which is the case for the majority of our study areas. Therefore, habitat 328 loss and fragmentation are processes that can homogenize landscape configurations. Based on 329 that, we could also expect that the landscapes composed of habitat aggregated into one single 330 patch had tended to have a larger proportion of suitable habitat than landscapes comprised of 331 two or more patches, and this was supported by the real landscapes analyzed in the current 332 study. Therefore, the relationship we found between total habitat availability and persistence 333 probability expresses more than a simple metric for the predictability of an ecological process.
334
The increase in availability of suitable habitat acts directly on landscape connectivity, thereby 335 altering population structure (Bascompte & Solé, 1996) .
336
The low persistence probability of jaguar populations in fragmented landscapes is 337 probably linked to an increase in overall mortality, arising by impediments to dispersal. We 338 established a stable proportion of migrants and survivors between patches in our models, so 339 total mortality increased with an increase in the number of patches. predict the necessary size of protected areas (Traill et al., 2007; 2010) .
364
Even with our growing dependence on protected areas for species conservation, habitat quality is also a complex task because it will involve landscape management -though 397 the field of restoration ecology is rapidly advancing, which will be of assistance in this area.
398
Our research highlights the fact that jaguar conservation is far more complex than the with the number of observations ("n"). FM is female mortality. There is only one pathway
570
(delimited by the circle) that leads to viable populations (high persistence probability). 
